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ABSTRACT

grown extensively in northern Peru require extremely high
rates of conventional N sources to achieve maximum yields.
The rccovery of applied N is extremely low due to the use of
intermittent flooding., This water management system results
in heavy N losses even with properly timed split applications.
In search of simpler and miore cfficient methods of N manage-
ment, eight field experiments were conducted in the region to
evaluate sulfur-coated urea (SCU), an cxperimental, slow-
release N source supplied by the Tenuessee Valley Authority.
Rice yields were increased an average of 59% more by pre-
transplant-incorporated SCU than by urea or anmmonium sulfate
applied in the same manuner. SCU produced an average of 20%
higher grain yicld response than topdressed applications of
urca or ammonium sulfate. SCU applications increased panicle
production, N uptake at harvest; and the apparent recovery of
added N. sieneficial effects of SCU were more pronounced in
sites where check yields were low, especially less than about
4.8 ton/ha. In sites with high N supplying capacity, SCU pro-
duced cxcessive vegetative growth which resulted in yield
reductions at high N rates.

Regardless of an assumed 48%-higher unit N cost in SCU,
the overall benefits of pretransplant-incorporated applicutions
of SCU were favorable since there was a decrease of 40% in
the optimum rate of N and the need for precise timing of
application was climinated.

Additional Index Words: slow-relense fcmlizer sources, nitro-
gen fertilizer cfRiciency. C

N MOST RICE GROWING AREAS of the tropics, intermittent
flooding is the predominant form of water manage-
ment (8). Constant flooding during the growing season is
difficult to maintain in many areas because of the variabil-.
ity in rainfall distribution or the limitations in existing irri-
gation systems. Large losses of added nitrogen take place
under alternate flooding and drying due to leaching and de-
nitrification of recently oxidized nitrate iors (4). Low re-
covery of added N is one of the main factors limiting
profitable rice (Oruza Sariva L.) production in Peru, where
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Short-statured, high yiclding rice (Oryza sative L.) varieties

N«L\

s

Performancc of Sulfux-Coated Urca Under Iuternuucnlly I‘looded Ru.c Cuhm‘e in Pcru
P A, SAI\CHEZ, A. GAVXDIA 0., G E RAMIREZ R. VERGARA AND F, MlNoUlLLo’ ‘

high yiclding, short-staturcd varicties arc extensively grown

under intermittent flooding. With these varieties, optimum
grain yields of 6 to 12 tons/ha are oblained with N appli-

_cations rates or 200 to 400 kg N/ha (6).

Previous work has shown that single applications of urea
or ammonium sulfate incorporated in the topsoil prior to
transplanting are very incfficient when compared to split
applications topdressed at tillering and panicle initiation (6,
8). The laticr practice results in an apparent N recovery of
20 to 30%, which is still quite low when compared to the
40 to 50% recovery ommonly attained with constant
flooding (5, 9). Previous work showing no significant dif-
ference between urca and ammonium sulfate as N sources
is considered evidence of the absence of cither deficiency
or response to S by rice grown in the Coast of Peru (2, 6).

In our scarch for simpler and more cfficient N manage-.
ment practices, arrangemznts were made with the Tennes-
see Valley Authority o test the cffectiveness of sulfur-
coated urea (SCU), an experimental slow-release N source.
The purpose of this study was to determine whether SCU
applications are more cfficient than applications of conven-
tional N sources in intermitiently flooded rice culture,

EXPERIMENTAL PROCEDURE

" Eight field experiments were conducted in the La:nbayeque,.
Jequetepeque, and Bagua Valleys of northern Peru from 1969
to 1972. The climatic characteristics of these arid areas have
been described clsewhere (7). The soils are derived from cal-
careous alluvium and are relatively uniform morphologically.
In the eight experiments, topsoil texture ranged from clay loam
to clay, pH from 7.9 to 8.3, and orgmic matter from 1.6 to
2.0%. The dominant clay mineral is montmorillonite. No re-
sponses to nutrients other than N have been recorded for rice
in these arcas (2, 6).

All experiments had a split-plot design with three or four
replications. The main plots consisted of N rates varying from
0 to 400 kg N/ha at 80 kg increments, except in Exp. 5 and 6
as indicated in Fig. 1. The subplats consisted of the following
soturce-time combinations:

1. SCU-b: Sulfur-coated urca with dissolution rates of 0.6 to
2.2% N per day; 33 to 37% N, and 10 to 21% S (1).
SCU was incorporated into the topsoil immediately before
transplanting; hercinafter referred to as the basal applica-
tion.

2. Urea-b: Commercial urea (46% N), applied as in treat-
ment 1,

3. Urca-t: Commercial urea (46% N), topdressed applica-
tion half at tillering and half at panicle initiation; broad-

cast on a thin layer of stanc hng water.,

4. AS-b: Commercial ammonium sulfuate (Zl % N, 25% S),

applied as in treatment 1. (Only in Exp. 2, 5, and 7 )
5. AS-t: Commercial ammonium sulfate ("l % N, o S)
topdressed wpplication like in treatment 3. (Only m lxp

Sand 7.)
The following short-statured, high yielding rive vatieties were
used: IRS" in Exp. I, ‘IRE" in Exp. 2, 3, 4, 6, 8, and ‘Naylamp®
('IR930-2-6') in 5 and 9. These varictics are very similar in
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Fig. 1—Yield response by rice of different N source-time combinations.

Table 1—Crain yield response to various sourcetime combi-
nations by individual experiments (mean of N rates)

Yield with Mean respounse LSy
Exp. vo, 0o applied N S5CU-b  Urea-b Urea-t AS-b A3t 0,05
ton/ha
1 an 3,66 2.59 2128 - - 0L
2 3.26 4,45 2,19 2,90 2,4 - 0,54
3 3,88 5.04 1,83 2.75 - - 0, 57
4 419 4,47 1 4.3 -- - 0,36
-] 4.40 5. 65 3,41 4,50 3.61 4,75 0,51
] , 40 Ln 2,86 3.61 -- .- 0,30
? su 2.5 2,16 . 2,186 3,35 0,55
] 7.03 29 P 4] 3,30 -- - 0,39
Mean PR 1 4,06 .55 3,37 - - -—

their yicld and nitrogen response pattern and differ mainly in
disease resistance and grain quality. Rice seedlings were grown
from 35 to 65 days in ordinary seedbeds and were (ransplanted

- in 15 m? subplots in hills spaced at 25 by 25 ¢cm. The experi-
ments were flood-irrigated whenever water was available, In-
tervaly between floodings ranged from 8 to 12 days. Weeds
were satisfactorily controlled and no significant pest or disease
attacks were observed. Plant height, tillering, dry matter pro-
duction, and N uptake were determined at 30 days after trans-
planting, at panicle initiation, at 50% [lowering, and at harvest,
Grain yiclds were determined in a 5 m? central area devoid of
border effects and adjusted to 14% moisture, Yield compo-
nents were determined in one hill randomly choser at harvest,
Apparent N recovery was caleulated by the uptake differences
from the check plots located in each main plot. Regression
cguations for cach source-time combinution were used to cal-
culate the optimum cconomic yield and N rate, based on the
first derivative and the 1972 cost-price ratios.

RESULTS AND DISCUSSION
Yield Responses

The main effects of the source and time treatments are
shown in Table 1 in which the experiments are arranged in
order of increasine grain yields without added IN. No sig-

nificant differences were obscrved between urea and am-
monium sulfate sources in the experiments where this com-
parison was made. Topdressed upplications of urea or
ammonium sulfate were significantly superior to basal ap-
plications of these sources in all but one experiment. These
results confirm previous obscrvations about the similar per-
formance of these carriers and the superiority of properly
timed topdressed applications over a basal dose.

SCU-b produced a significantly higher yield response
than basal applications of urea or ammonium sulfate in all
but one experiment in which the difference was not large
enough to be significant. The average yield response of
SCU-b was 4.06 ton/ha or 59% higher than the average
yield response of basal urea applications (2.55 ton/ha).

SCU-b was significantly superior to topdressed applica-
tions of the conventional sources in four experimen’s, not
significantly different in three, and significantly inferior in
one (Table 1). As the check plot yiclds increased, the
superiority of SCU-b over the topdressed conventional
wources declined. The overall yield response of SCU was
20% higher than that of the topdressed ursa (3.37 ton/ha).

The interaction between N source-time combinations
and N rates was significant in all cases. Yicld response
curves are shown in Fig. 1. Tu all experiments, SCU-b out-
yiclded at all N levels basal appliciations of urca or ammo-
nium sulfate. SCU produced a clearly superior response in
Exp. 1 to 4 in which the yiclis without added N were
lower and where the alternate wetting and drying cyceles
were more pronounced. In Exp, 4, 5, 6, and 8, SCU-b pro-
duced a more marked yield response than topdressed appli-
cations of urea or ammonium sulfate, Although the maxi-
mum yickds obtained with cach source did not vary signifi-
cantly in these experiments, the crops requited a lower N
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Table 2—Effects of sourcc-time combinations on plant charac-
teristics and nitrogen relations in Exp. 1

Table 3—~Effects of source-time combinations on plant charac-
teristics and nitrogen relations in Exp. § )

Source Graln/straw Nat *N Hecovery Source . Gral/straw Nat i Recovery
and time Rate ratio Panlcles  harvest uptake  of added N agdtime N rate tatlo Panicles harvest  uptaka  of added N
kg N/ba por m? % kg N/ha % kg N/ba per m? % kg N/ha %
Check 1] 1.12 193 0,73 LT . Check k] 5.68 266 0.93 108 -
SCU-b 80 L 97 0,84 69 43 sCu-b 80 1,46 n 0,91 151 H
160 1,38 365 0,91 9 k1) 160 144 33 0.97 175 42
240 1,87 I 1.01 102 30 240 L4t 418 1L 10 192 15
3anm L8l 467 118 126 30 320 1,12 480 1.08 m 35
Mean 157 ™ 1,00 - 3 400 1,02 464 1.20 226 )
Crea-t %0 0,95 37 0.73 5 28 Mean 1.29 414 1.05 193 39
160 L1l 283 0,81 72 2 Urea-t 80 1,58 p11} 0, 9% ¥4 u
240 L4l 261 0,79 57 11 160 L8t 33 0.93 147 kil
320 1.69 288 0. ” 14 ;;8 1. 5: 41 .07 199 38
1.4 424 i 206 h 1
_— © Meaa ::’ L 0.80 65 0. 00 L8 29 110 02 n
roa- .34 328 0,80 53 i
160 16l 34 078 b 19 Mean 1.58 73 .03 176 i)
240 1.7 361 1,08 ] 23 Urea-b 80 L44 298 0.91 137 h1}
20 [} 39 L0 8 17 ;:g 11:;75 g“ 0,96 14 2
44 0.91 179 30
Mean 1,87 358 0,91 71 22 . 320 1.12 o 0.9 179 27
400 .18 451 .09 198 7
Meaa LY 362 0.97 167 26

rate as SCU to attain maximum yields. In Exp. 7, top-
dressed applications of urea and ammonium sulfate pro-
duced significantly higher maximum yields than basal SCU
at about the same N rate.

Additional data (not shown) indicate that a single top-
dressed SCU application at the tillering stage was as effec-
tive as SCU-b. ) ’

Besides the lower N rates required with SCU-b, an addi-
tional practical advantage of this source is the climination
of the precise timing nccessary when conventional N
sources are topdressed at the panicle initiation stage.

Plant Characteristics

In order to explore further the nature of the response
differences in sites with low and high yield levels without
added N, scveral crop parameters were determined and the
results for Exp. 1 and 8 arc shown in Tables 2 and 3, re-
spectively. In terms of grain yizlds, SCU was overwhelm-
ingly superior to the « onventional sources at all N rates in
Exp. 1, while SCU approached the maximum yield at a
lower N rate than topdressed urea in Exp. 8.

The grein/straw ratio of the dry matter a¢ harvest is a
good indicator of the effectiveness of N use for grain pro-
duction. In Exp. 1, grain/straw ratios increased with in-
creasing N rates »ith little difference between sources, in-
dicating.severc N deficiency and more marked responses,
In Exp. 8 grain/straw ratios decreased with increasing N
rates, suggesting a high initial N supply in the soil. The
sharp decrease in grain/straw ratios at high SCU rates re-
flccts the negative yicld responsc observed and indicates ex-
cessive vegetative growth caused by too much available N.

The number of panicles per unit area is the yield compo-
nent most closely correlated with yield responses in short-
statured rice varicties (8). In both experiments, SCU appli-
cations produced more panicles per m? than conventional
urea, suggesting that the slow-release source encourages the
production and maintenance of more tillers 4an the com-
pletely soluble sonrces, Fatremely high panicle privduction
levels are ustally accompunicd by decreases in tilled crains
per panicle and grain yickds o tramsplanted tice (3), Thio
may alse account for the yield decreases obtained with 320
and 400 kg N/7ha as SCU in Exp, 8, (Fig. 1). Possibly the
same conditions are reflected in Exp, 2, 4, and 7,

Table 4—Optimum N application rates and grain yields of
source-time combinations calculated from yield regression

cquations
Exp N rate Optimum grafn vields
L2, SCU-b Urea-b Urea-t AS-b  AS-t SU-b Urea-b  Urea-t  AN-b AS-t
kg N/ha toi/ha

] 266 248 480 -- - 6,72 5.31 3.8 .- .-
2 201 426 469 47 - 8.62 12,10 8,10 6,06 -
3 m ’ N - e- 10,63 ¢ . - .-
4 258 521 512 - .- 9,80 9,21 il 16 -- --
S 290 374 338 478 N 1,74 9.1 1.0 10,06 10,92
6 W? 206 174 -- - 9,50 8,77 9.3 -- -
7 186 189 24 28 27 9.18 860 9.42 L4 3,9
8 72 ot 303 -- - 10,78 10,57 11.09 -- .-

Meas 224 323 369 - - 9.47 84 9. 38 - --

Ammoaium sulfate: 30, 29/kg N

Prices: Rough rlce: $0, 11/kg
Sulfur-coated urea: 11, 34/kg N

Urea: $0, 21/kg N

* No quadratic term,

Nitrogen Parameters

Tables 2 and 3 show that the soil supplied up to 31 kg
N/ha to the rice crop in Exp, 1 and as much as 108 kg
N/ha in Exp. 8. The N content of the above-ground plant
parts and the N uptake at harvest were higher with SCU
applications i both experiments. At high rates of SCU in
Exp. 8, the total N uptake was suostantially above the level
considered optimum for the site and variety, 180 kg Nvha,
according to data from a concurrent study,

The apparent recovery of added N, calculated by uptake
differences show that SCU was a more cfficient source in
both experiments, with an average recovery range of 36 to
39% and maximum rccovery values of 48 to 549, Com-
mercial urea averaged from 20 to 38% recovery with high-
est values of 31 and 38% (Tables 2 and 3). Although the
recovery values at harvest are similar for basal and split
applications of commercial urea, the superior behavior of
split applications is rclated to a higher percent N contents
in the plants at the critical stages of tillering and panicle ini.
tiation. Basal applications of urca tended to have a lower
percent N content at panicle initintion.

Economic Interpretation

The optimum rate for cach source-time combination ap-
pears in Table 4 along with the cconomically optimum
grain yield levels, These calculations are based on 1972
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prices of rough rice, urea, ond ammonium sulfate in Pera
and the ussumption that the unit cost of SCU 1 48 higher
than commercial urea, as sugpested by TVA personnel.
(Mare secent (December, 1972) TVA estimates based on
larger <cale production suguests that the unit cost of SCU
is 32¢5 higher than commercial urea)) Quadratic regres-
sion cquations accounted for 65 to 95% of the variation in
yiclds as indicated by the &2 vatues obtained. Optimum rate
calculations were not possible for two treatments in Exp. 3,
as only the lincar term in the equation was significant.

SCU-b produced average optimum yields almost identical-

to those of topdressed wrea, but the optinnun N rate re-
quired to reach the optimum yield was about 0% less
with SCU-b than with topdressed urea (224 vs. 369 kg
N/ha). In many experiments the difference was stthstan-
tially wider. Even in the sites with high yields without
added N, the N rate required to reach the optimum eco-
nomic yiclds was substantially lower with SCU-b.

CONCLUSIONS

This study shows that basal applications of sulfur-coated
wrea are more cfficlent than basal or topdressed applica-
tions of urca or ammonium sulfate in intermittently flooded
rice culture in northern Peru. The lack of differences be-
tween urea and ammonium sulfate and the superiority of
SCU over these sources as basal applications indicate that
the beneficial effect of SCU is related to its slow-release
propertics in an envirenment conducive to high losses of
applicd N. Plant growth and N parameters indicate that
SCU is indeed more ¢fficient in supplying N to the rice
plant and that N uptake could become excessive and cven
reduce yields at high rates of SCU applications.

These results have been obtained with high yiclding,
lodping-resistant varicties, and cannot be directly extrapo-
lated to tall, traditional rice varietics, or to conditions of
constant flooding.
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